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Abstract 
 
We propose a novel transmit high-temperature-superconducting (HTS) dual-mode double-strip octagonal patch resonator filter with 
an additional patch conductor working as a perturbation. The dual-mode double-strip resonator consists of two stacked octagonal 
patch resonators and an additional patch conductor which is placed between the resonators to provide coupling between the 
orthogonal resonating modes. This reduces the current concentration at the perturbation compared with that of conventional dual-
mode filter with stub perturbation. The bandwidth is adjusted by changing the size of the additional patch conductor. A 2-pole HTS 
dual-mode double-strip octagonal resonator filter using an additional patch conductor with a 5.0 GHz center frequency and 100 
MHz bandwidth was designed using an electromagnetic simulator based on the moment method. The filter was fabricated using 
YBa2CuO7 thin films on r-Al2O3 substrates. The filter is evaluated by experiment and simulation with good agreement. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
 
High-temperature superconducting (HTS) filters are effective for using frequency resources efficiently. This is 
because they have both low insertion loss and sharp skirt characteristics due to their very low surface resistance. 
However, the input power that can be handled by most HTS filters is limited, which restricts their practical use as 
transmit HTS filters. Their power handling capability is limited when the current density in the filter exceeds the 
critical current density of the HTS thin film. Therefore, many types of resonators have been developed to reduce the 
current density in HTS filters.  
The high-power transmit filters that have been reported use various types of resonators, e.g., dual-mode resonators 
[1-3], bulk resonators [4, 5], modified microstrip line (MSL) resonators [6-8], and stripline (SL) resonators [9, 10]. 
The dual-mode and bulk resonators have a lower current concentration at their edges due to their larger size. 
Yamanaka et al. reported an HTS power filter with dual-mode patch resonators with MSL structure [1]. The measured 
power handling capability of a four-pole filter was more than 10 W at 65 K. Because of the limitation on film size, 
however, these resonators are too large for use in high pole filters. Moreover, a dual-mode patch filter designed with a 
short distance between the resonators is limited in filter response by unwanted cross-coupling between nonadjacent 
modes. 
We previously reported a miniaturized dual-mode patch filter with a stripline structure that has weaker coupling 
than the conventional MSL structure [10]. Moreover, we reported a double-strip dual-mode square patch resonator 
filter for improving the power handing capability of HTS transmit filter with a stripline structure [11]. The double-
strip resonator reduces the current concentration at the edges of the resonator compared with that of a conventional 
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single strip resonator due to the increase of the effective film thickness. Instead of the dual-mode square patch 
resonator, we considered a dual-mode polygonal-shape resonator which will also work if the number of sides of 
polygon is sufficiently large such that its shape approximates a circle, in order to improve the power handling 
capability. However, the current concentration at a stub perturbation which provides coupling between orthogonal 
resonating modes of the dual-mode polygonal-shape resonator degraded the power handling capability. 
In this study, we propose a transmit HTS double-strip dual-mode octagonal patch filter with an additional patch 
conductor. A dual-mode double-strip-resonator consists of two stacked resonators and an additional patch conductor 
which is placed between the resonators working for perturbation. This reduces the current concentration at the 
perturbation compared with that of conventional dual-mode filter with a stub perturbation due to the large gap between 
the resonators and the additional patch conductor. We investigated the additional patch conductor size dependence of 
coupling coefficient and the maximum current density at the perturbation, and designed a double-strip dual mode filter 
with an additional patch conductor. The measured frequency response of the filter is also presented. 
 
2. Filter design 
 
2.1. Dual-mode double-strip resonator with additional patch conductor  
 
The proposed dual-mode double-strip octagonal patch resonator with an additional patch conductor is shown in Fig. 
1. The proposed resonator consists of two stacked octagonal resonators and an additional patch conductor which is 
placed between the resonators for perturbation as shown in Fig. 1(b). With no additional patch conductor, the double-
strip octagonal resonator has two dominant degenerate modes with the same resonant frequencies. These two modes 
are decoupled from each other. With the additional conductor, the two dominant modes will be coupled each other, 
and the resonant frequencies will split. Fig. 1(c) shows the simulated frequency response of the double-strip resonator 
with and without additional patch conductor. The resonator without the additional patch conductor has one resonant 
frequency, but one with the additional patch conductor has two resonant frequencies. This indicates that the resonator 
with the additional patch conductor is an effective method to obtain a dual-mode resonator.   
(a)                                                                     (b)                                                                       (c) 
Fig. 1 (a) 3D view, (b) side view and (c) frequency response of proposed resonator. 
                                 (a)                                                                               (b)                                                                                   (c) 
Fig. 2 (a) Top view of designed filter, and simulated coupling coefficient of designed filter as functions of (b) L and  (c) M. 
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2.2. Coupling coefficient  
 
We designed and analyzed a two-pole dual-mode double-strip octagonal resonator filter by using electromagnetic 
(EM) analysis software (Sonnet EM), which is based on the moment method [12]. The filters were designed with a 
center frequency of 5.1-GHz and a 3dB-bandwidth of 100-MHz. The lowpass prototype Chebyshev response with 0.1 
dB ripple is adopted. Thus, the coupling coefficient and the external quality factor can then be obtained by the design 
formulas presented in [13]. The coupling coefficients and the external quality factors are 0.028 and 42.2, respectively.  
Fig. 2(a) shows the top view of the filter. Two strip lines are utilized to feed the filter using loose coupling. The 
black portions of the in/out feeding line and the additional patch conductor represent the same layer of the resonator in 
Fig. 1 (b). The filter has two resonant modes corresponding to the additional conductor. The coupling between the 
orthogonal resonating modes is controlled by the size of the additional patch conductor. The coupling coefficients of 
the filter as functions of L and M are shown in Fig. 2(b) and Fig. 2(c), respectively. In Fig. 2(b) and Fig. 2(c), the 
coupling coefficient is increased by increasing L and M, respectively. These results indicate that the coupling 
coefficient of the filter can be adjusted by the length and width of the additional patch conductor.  In this case, the 
length and width of the additional patch conductor which satisfy the required coupling coefficient of 0.028 are chosen 
as follows: L = 3.0 mm and M = 2.0 mm. 
 
2.3. Maximum current density 
 
The maximum current densities of the designed filter were determined using a Sonnet EM simulator. The software 
assumes that a 1-V sinusoidal source with 50-  impedance drives the two-port microwave circuit; the resulting current 
density data was therefore normalized to 5-mW input power [6]. The software subdivides the filter circuit into “cells” 
of finite size, which is an important factor in the simulation. Accuracy of the current density can be improved by 
reducing the cell size; however, the computation time is significantly increased. A cell size of 25 × 25 m was used in 
the simulation as a compromise between computation time and accuracy. The conductivity of the superconducting 
layer was assumed to be that of a zero-thickness perfect conductor. The key to increasing the power handling 
capability is to reduce the maximum current density of a filter for the given input power.  
Fig. 3 shows the simulated current distribution of the designed filter and a double-strip dual-mode filter with 
conventional stub perturbation. The brighter regions in these patterns represent areas with higher current. As we use a 
zero-thickness perfect conductor for the superconducting circuit, the simulated sheet current densities are in the unit of 
amperes per meter.  As shown in Fig. 3, the maximum current densities of the designed filter were lower than those of 
the filter with conventional stub perturbation due to the weaker local magnetic field concentration at the edges of the 
resonator. At the center frequency in particular, the maximum current density with the proposed filter was about 58% 
less than the conventional filter.  
 
 
 
 
 
 
 
 
 
 
 
 
 
                                  (a)                                                                             (b)                   
Fig. 3 Simulated current distribution of (a) double-strip dual-mode filter with conventional stub perturbation and (b) designed filter. 
 
3. Fabrication and measurement results 
 
The layout of the filter is shown in Fig. 4(a). The L1 substrate had the designed resonator on its upper side and a 
ground plane on the lower side. The L2 substrate had the designed feed line circuit and the additional patch conductor 
on its upper side. The L3 substrate had only the designed resonator on its upper side and the L4 substrate had only a 
ground plane on the upper side. The size of the L1 and L2 substrates were 20  20  0.5 mm and the L3 and L4 ones 
were 15  20  0.5 mm. The L3 and L4 substrates were made a little shorter than the L1 and L2 one to enable 
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contact between the SMA (SubMiniature version A) connector and the feed line circuit. The filter was fabricated using 
0.1- m thick YBa2Cu3O7 thin films deposited on an r-Al2O3 substrate. The ground planes were Au thin film. The 
filters were patterned using a conventional photolithography technique and dry etching. Fig. 4(b) shows the 
photograph of the filter without the top substrate. To test the filter, we mounted the layers shown in Fig. 4(a) on a test 
fixture featuring a top crossbar bolted to the body of the fixture so as to allow tight contact between the layers 
comprising the filter. The S-parameters were measured with a network analyzer (E5071B, Agilent Technologies).  
Fig. 4(c) shows the simulated and measured frequency response of the filter at 40 K. The filtering property is 
clearly observed. The filter has a center frequency of 5.14 GHz and a 3dB-bandwidth of 87 MHz. The experimental 
insertion loss of the filter is 4 dB, and the return loss is 45 dB. The large insertion loss is attributed to normal-metal 
ground planes, film thickness thinner than the penetration depth and discontinuous part at the microstrip-to-strip 
transition which was not fully considered in this work. 
 
 
                     (a)                                                                             (b)                                                                               (c) 
Fig. 4 (a) layout, (b) simulated and (c) measured frequency response of designed filter 
 
 
4. Conclusion 
 
We have proposed a transmit HTS double-strip dual-mode octagonal patch filter with additional patch conductor. 
The dual-mode double-strip-resonator consists of two stacked resonators and an additional patch conductor which is 
placed between the resonators and works for perturbation. This reduces the current concentration at the perturbation 
compared with that of conventional dual-mode filter with stub perturbation due to the large gap between resonators 
and the additional patch conductor. We optimized the size of additional patch conductor to adjust the coupling 
between orthogonal resonating modes. The current density distribution in the filter circuit is simulated. The maximum 
current density in the proposed filter was about 58% less than that in a double-strip dual-mode patch filter with a 
conventional stub perturbation. The measured results agree well with simulated ones. 
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